SUMMARY Eight stable cirrhotic patients with mild or subclinical portal-systemic encephalopathy (PSE) were studied after shunt surgery when they were off all antiencephalopathic therapy. Equal amounts of mixed proteins were alternated with animal or vegetable protein in a crossover protocol under metabolic conditions for five consecutive, one week periods. The different dietary periods were not associated with either a change in the neurological impairment score or the Trailmaking Tests, which showed a learning effect. The peak frequencies of the computer analysed EEG (CAEEG) were lower during the animal (6.58±0.42 Hz) than the vegetable (7.10±0.44 Hz) diet (p 0.01). Neither arterial ammonia levels nor plasma amino acid ratios changed with the diets, whereas urinary 3-methyl-histidine excretion increased during the animal diet. During the vegetable diet the apparent nitrogen balance tended to be more positive than during either the mixed or animal diets associated with a decrease in the urinary nitrogen excretion. The peak frequency of the CAEEG is the most sensitive test to monitor methods of treatment in portal-systemic encephalopathy. A vegetable protein diet, rather than overall protein restriction, should be considered in the management of this disorder, particularly when the nutritional state is poor.
Treatment of mild portal-systemic encephalopathy focuses on prevention of symptoms by protein restriction and, if necessary, by adding lactulose or neomycin. Recently Greenberger1 showed that not only the quantity but also the quality of the dietary protein may be important in the management of the chronic condition. Vegetable derived protein was claimed to be superior to animal protein. Only three patients were studied, however, and two received additional anti-encephalopathic treatment with neomycin, lactulose, or sorbitol. Furthermore, the protocol of the protein administration varied.
To investigate the role of dietary protein in portal-systemic encephalopathy we undertook a controlled trial with elimination of all variables apart from the source of protein in the diet. The enter only if they did not require lactulose, neomycin, diuretics, or sedatives for the duration of the study; (5) consent from the patient and his/her family to participate in this investigation was needed, knowing the hardships of a five week metabolic study; it was approved by the University of Toronto Ethics Committee, April 1979.
In addition, we tried to study equal numbers of patients with alcoholic and post-necrotic cirrhosis. The alcoholic patients needed to be abstinent for at least two months before admission, as assessed by (1) the patient's history, (2) confirmatory history from his/her family, (3) observations during clinic visits including, in one patient, daily screening of the patient's urine for alcohol. 2 The clinical data of the eight patients who entered the study are summarised in Table 1 . Under close clinical observation, patients on lactulose had their therapy gradually withdrawn and replaced with psyllium mucilloid powder together with a 10 mg bisacodyl suppository to ensure a daily bowel action.
The biochemical liver function tests are summarised in Table 2 volunteers did not have a history of epilepsy, alcohol The patients collected their urine and stool from abuse, liver disease, nor did they take any 0800 h of day 5 to 0800 h of day 7, stool as one 48 medication at the time of study. hour sample and urine as two 24 hour samples.
Clinical evaluation with a 30 item standard
Homogenised stool samples and urine aliquots were neurological screening protocoll' took place in stored at -18°C until analysis with modified combination with the conventional EEG, and after Berthelot reaction,7 expressed in grams of nitrogen the Friday blood sampling the patient performed a (N) per 24 hours. The urine creatinine excretion was Trailmaking Test part A and part B' while also measured8 to check for completeness of the supervised by a psychometrist. For the computer analysed EEG (CAEEG) silver-silver-chloride electrodes were applied with collodion in the temporal and occipital positions because in portal-systemic encephalopathy EEG abnormalities are most pronounced in those areas. 14 The CAEEG consisted of four six minute recordings at 30 minute intervals with eyes open or closed alternatively. Smoothed power spectra were calculated as follows: the six minute recording was divided into 22 16 second ensembles, the first and last eight seconds of the six minutes having been discarded. For each ensemble, the mean was removed and the result windowed using a 10% extended cosine bell window.15 The frequency spectrum was computed by Fast Fourrier Transform and the power spectrum calculated by the direct method. The smoothed power spectrum was obtained by ensemble averaging of the 22 power spectra and frequency using a 5 point unit weighed moving average digital filter. The averaged power spectrum had a band width of <025 Hz. By visual examination of the power spectal plot the peak frequency (arrow in Fig. 1 ) in the alpha and/or theta bands -that is, between 4 and 13 Hz -was determined as the mean of the right and left channels. The delta band (<4 Hz) was not included because patients with mild portal-systemic encephalopathy were not expected to have such low peak frequencies.
STATISTICAL ANALYSIS
Only mean scores and standard errors of the mean Fig. 1 Parsons-Smith criteria ( Table 4 ). The others had no evidence for a clinical diagnosis of portal-systemic encephalopathy. The neurological examinations did not change with the dietary manipulations.
EEG
The conventional EEGs of the control subjects disclosed no abnormalities (Table 5 ). In contrast, seven patients had EEG abnormalities, with portalsystemic encephalopathy grades ranging from 1 to 3.5. These grades did not change for the different diets (Table 6 ), nor did the dominant frequencies for the various diet periods differ from each other ( Table 6 ).
The peak frequency of the CAEEG correlated strongly with the dominant frequency of the conventional EEG (r=0.97, p<0.0001). All CAEEG recordings of the control subjects yielded peak frequencies in the normal alpha range -that is, between 8 and 12 Hz (Table 5 ). In contrast, seven patients had abnormally low peak frequencies (Tables 4 and 5) .
During the animal protein diet, the peak frequencies were significantly lower than during the vegetable diet (Table 6 ). This effect did not depend on the order in which the diets had been administered. (Table 4 ). Over the five week period a practice effect occurred. There were, however, no significant differences between the results during the vegetable and animal diets (Table 6 ).
NITROGEN METABOLISM
Fasting arterial ammonia levels on admission were slightly abnormal in four and mildly raised in the other four patients ( did not relate to the dietary protein source. Furthermore, there was no relationship between the arterial ammonia concentrations and plasma amino acid levels. The plasma amino acid patterns varied considerably in the four selected patients. For most amino acids, these changes did not relate to the diets. The basic amino acids tended to differ, however, for the vegetable and animal diets: arginine and ornithine concentrations tending to be higher, but lysine and citrulline levels lower during the vegetable than with the animal diet. Furthermore, the ot-amino-Nbutyric acid (AANB) concentration was higher during the animal (1.92±0.23 ,umol/100 ml) (19.79x 10-2+2.37x10-2 mg/100 ml) than the vegetable diet (0.39±0.09 ,umol/100 ml, p=0.02) (4.02x 1-2+0.92x 102 mg/100 ml). The glycine concentration was lower during the animal (0.26x 103+0-03 x103 ,umol/100 ml) (19.90±2.81 mg/ml) than the vegetable diet (0.29x 10 +O@04x i03 ,umol/100 ml) (22.22±3.18 mg/ml, p<0.05). Plasma methionine levels did not differ for the two diets.
All plasma branched chain over aromatic amino acid ratios were below 1*7, compared with a normal value of 3.0 to 3.5.5 The ratio varied slightly from week to week but none of these changes was statistically significant.
The plasma amino acid levels did not correlate with the amino acid intake.
The urinary 3-methyl-histidine excretion during the animal protein diet (237±22.8 ,mol/24 h) (4.09±3.85 mg/24 h) was significantly higher than during the vegetable diet (153±19.4 jumol/24 h, p 0.01) (2.59±3.35 mg/24 h).
All stool samples for the nitrogen balances were complete, as were the urine collections, with three exceptions, in which case an estimate was substituted based on the average urinary nitrogen output during the entire study.
Of the 40 nitrogen balances, 34 were positive (range -1.55 to +5.0 g/24 h) and, in only one patient (no. 1), three of five balances were negative. During the vegetable diet the apparent nitrogen balance tended to be more positive than during the mixed as well as the animal diets (Fig. 2) . Faecal nitrogen excretion did not differ for the various diet periods. In contrast the urinary nitrogen excretion tended to be lower during the vegetable diet (6.1±0.7 g/24 h) compared with the animal (7.4±0.9 g/24 h, p 0.07) and the mixed diet (7.6±0.9 g/24 h, p<002).
ALCOHOLIC VS POST-NECROTIC CIRRHOSIS
None of the tests differentiated the patients with alcoholic from those with post-necrotic cirrhosis.
Discussion
On admission only three patients had clinical evidence of portal-systemic encephalopathy, the other five having abnormal conventional EEG, CAEEG, Trailmaking Test and raised arterial ammonia -that is, subclinical portal-systemic encephalopathy. [17] [18] [19] The mean peak frequency of the CAEEG during the pure animal protein diet was lower than during the vegetable and mixed diets. The conventional EEG failed to reflect this influence of the animal diet. This may be explained by the difference in discriminative power of the two forms of EEG analysis. Moreover, during the animal diet the mean peak frequency became lower than 7 Hz, a level that has previously been associated with the development of clinical portal-systemic encephalopathy.18
Our results therefore confirm the beneficial effect of vegetable over animal protein reported by Greenberger et al. 1 Pure vegetable and mixed protein diets, however, did not result in a different EEG response. The effect of the animal diet could not be explained by a change in liver function, as the biochemical liver function tests did not change during the study. Constipation was prevented in these patients and also drugs were avoided that are known to precipitate portal-systemic encephalopathy, such as sedatives. Treatment with lactulose had also been discontinued. Finally, the CAEEG response could not be explained by differences in the caloric intake during the diets.
The arterial ammonia level, the only recognised biochemical test for portal-systemic encephalopathy, 20 was (mildly or moderately) raised in all patients, although the levels did not reflect the CAEEG changes seen with the dietary manipulation. Another proposed biochemical marker for portal-systemic encephalopathy, the plasma branched chain over aromatic amino acid ratio6 was abnormal in all patients. The amino acid ratio did not, however, correlate with the EEG abnormalities, nor with the results of the Trailmaking Test. Nevertheless, diet-related changes in plasma amino acid levels were found in the basic amino acids, which remove ammonia via the KrebsHenseleit cycle. Furthermore, the arginine intake was highest during the vegetable diet. Arginine ma1 be beneficial in portal-systemic encephalopathy,71 although other workers have not confirmed this observation. 22 23 During the animal diet the patients consumed more methionine, itself incriminated in the pathogenesis of portal-systemic encephalopathy24 via its metabolite, mercaptans.25
Despite a protein restricted diet these patients were generally in positive nitrogen balance. The vegetable diet tended to make the apparent nitrogen balance more positive than the mixed and animal diets. Although this effect was not statistically significant, it should not be disregarded, as it was fully accounted for by of a decrease in urinary nitrogen, without change in faecal nitrogen excretion. The more positive balance during the vegetable diet can in part be explained by the different nitrogen content of vegetable vs animal proteins. For the conversion from protein to nitrogen the average factor 6.25 was used.9 For vegetable protein, however, the true factor is closer to 6.4 and for animal protein closer to 6.15.9 The nitrogen intake during the vegetable diet was therefore probably approximately 04 g/24 h higher than during the animal diet. The remainder of the difference in apparent nitrogen balance, 06 g, could be explained by increased catabolism during animal protein ingestion as suggested by the higher level of AANB, a breakdown product of neutral amino acids,26 the lower glycine levels, and increased urinary 3MH excretion.27 The increased excretion during the animal diet, however, could be due solely to meat consumption. 28 The present findings indicate that a diet rich in animal protein may be deleterious in the management of chronic mild portal-systemic encephalopathy. As a pure vegetable protein diet tended to bring these patients into more positive nitrogen balance, it would be reasonable to try the effect of a vegetarian diet in patients with the chronic resistant form of the disease. Otherwise, we suggest a well-balanced mixed protein diet, avoiding excessive animal protein intake, as the best long-term dietary regimen. This would also be most likely to ensure that the patients complied with the diet, as the majority of them needed great encouragement to finish their meals during the vegetable diet because of complaints of early satiety, abdominal distension with gas, and more frequent bowel actions. These side-effects, however, especially the latter, may be useful rather than harmful and, particularly with the more severe chronic patients, the diet may be worth persevering with. 
